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Answers written in the margins will not be marked.

PART I

Answer ALL questions. Write your answers in the spaces provided.

1. Iodine is a halogen. It can form potassium iodide and hydrogen iodide.

@

(b)

©

(d)

(e)

Name the relationship between 1271 and 1231.
211 and 5 T are isouopes 1 the same elemitwit:
(1 mark)

The electronic arrangement of an iodine atom is 2, 8, x, 18, y. What is x ?

A 18T

(1 mark)

Draw the electron diagram for potassium iodide, showing ELECTRONS IN THE OUTERMOST
\—‘*\

SHELLS only.

(1 mark)
Suggest why an aqueous solution of hydrogen iodide can conduct eleétricity.
R oqieows Colarion of Wjdrogen wdide, providles wiohle fong to
vl duut e/\wmmj . - ’
(I¥mark)

Int fbonding and structure, explain whether potassium iodide or hydrogen iodide would have
n terms of bonding and struc xplain whether potassium iodide or y__—g’_’z

ﬁﬁ&m%w‘rodid@wombl nowe oA ‘fl%m Wte%tfwg )M;Tn‘jrfd
, Becantt +he M%]Mf(\xm VWA vetwern H oA T
e STW W e Tt bond green Koo T

(;47 TV V%WM Wirve " Wreat dswn the
WWTN\ bovd oot B owtd T whatle chmy%

lean i (I Wreou v The enye penmed — (2marks)
weAunedN K avd 1.

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

2.

The diagram below shows an experimental set-up in which a metal oxide X,0(s) is decomposed upon strong
heating, Ametal X and a colourless gas Z are formed.

X;0(s)
heat
(a) State what Z is and suggest a test for it~ —
Z 40X fgon amd it wokk w%,m ?eeww& Sphwt.

(2 marks)
(b) When 3.028 g of X,0(s) is completely decomposed, 2.819 g of metal X can be obtained.

@) Calculate the relative atomic mass of X.
(Relative atomic mass : O = 16.0)

let x ke the rAAT Ve otfemiTe MM*SD’? X .

i_gz—_g_ﬂ——-——*— , 2‘%|1 l _ Z -
(‘.ZWTM‘O)ﬂmvH Ty T TH

3028 1.40%5
il — X

) < h@s .00 X = 2.819X + 22,402
t .
(ii) uggest wha X =1v7.904 | .
X W Gilver
(3 marks)
(c) Explain whether the decomposition of X;0(s) is a redox reaction.

Yes. Becanse the oxcdation iumvey r A'ﬂ fe vreasen
Whlg Yhe svdation nuwhey ”f 0 TngaieA.

(1 mark)

Answers written in the margins will not be marked.
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soluble inert substances

Of the antacid sample was completely dissolved in deionised water to give a

3. Antacid is a drug for neuii lising stomach acid. A sample of an antacid contain and other
weakly alkaline solution. The solution was then W&w using @ suitable indicator.

25.20 cm® of the HCl(aq) was required to reach thgend point

(a) Write the chemical equation for the reaction between NaHCOs(s) and HCl(aq).

NAHOO%W? + HCLCML) — Nacl (aq>+t HLO(f)*wzC@)

(b) Calculate the percentage by@ NaHCO;(s) in the antacid sample.
(Relative atomic masses : H= 1.0, C = 12.0, 0 =16.0, Na =23.0)

NaH U3 (5> + HCl (aq> = Natitaq> + H20 () + (019>

M. o whleS i Helcagy = 0.60HM XEEE ) dwe? = 0,01 by wo]

|000
YU nNaH0s = nHel = |:)

U N NaH 00y =0.01b 2 the|

u

W of Naktooy i Hhe Sawple
2.0 *LQ%MDH

= '\%b%g
. boab) |
VWWA} VKMMS- Tmﬁ K100y = 301(77%

0.91p2 mo|x (230t 1bIKS+

(1 mark)

(2 marks)

Answers written in the margins will not be marked.
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3. (c) The pH of the solution at the end point of the titration was found to be between@

(M)

(i)

(d) State one@ of taking antacids containing Mg(OH)(s) over those containing NaHCOs(s).

Suggest a suitable indicator for this titration and state the colour change at the end point.

wwfw;];(? W

TWwfmmmeﬂ[m—ngﬂ

———

Suggest an instrument to measure the pH of the solution accurately.

yH wetor

Tv mild 0 W om 10001\\/]

(3 marks)

(1 mark)

Answers written in the margins will not be marked.
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Consider the molecules _HQO, BF;and SFs.

(@)

(®)

(©)

H>0 molecules can form H3O" ions.

@) In each of the following boxes, draw the electron diagram (showing ELECTRONS IN
THE OUTERMOST SHELLS only) for a suitable chemical species to show the formation

of a H;O" ion.
o+
ENCERD
()

@ || ©

(ii) Describe the formation of dative covalent bon@an ‘example.

(3 marks)
Explain whether the boron atom in a BF; molecule has an octet structure.
o Because theve are 3 BF bonad in o BF 3 molecule.

fnd e Ovterw it shell eletbront of B o 3, each
ekt glortng wbing wWith o ¥~ fon:

@) Draw the three-dimensional structure oflecule.

F
I
Fim, i

F/l\F
r

(1 mark)

Answers written in the margins will not be marked.
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4. (© (ii)

(d) Explain the following increasing order of the boiling points of the three compounds :

Explain whether SFs is q p olecule.

(F, W nrt & prian mrfeme.

Due to +he olorroneqnniviiy tiAfeven wshe'twem
Somd B, GF Wnd 1 ov poforbomed . but o
-py(m/rrﬁg U?r% e vid comed Ul eadh Tther

M ‘f’l/w/(ﬂ rwe \in WWTTZ OJW_T)\W ' (2 marks)

BF; < SFs <H,0
6~ Bovh Bh, oma 57, ave hon- polove wolecule .
Wt Ho0 o8 v polow wioleatle @ 1t haa @ lonie poiv
dAevtrona . So iy s v biighe & boTling potay 14 lwrgev
MMsuny v -wiergy W Needed 1o bveak down the palay
Vond. Ovmparing pF, ownd ¥, me molemmiar
g 0§ OFs U \wegor thant dhat of P, The

~fpester—GTror i on oo easter foree v GF, ynofeu

weuld tetd wmove W{w—% 1w vVytowie Tham that

ot pFs.

(3 marks)

Answers written in the margins will not be marked.
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5.

The following hydrogen-oxygen fuel cell and aluminium-air cell are primary cells. Their simplified
structures are shown below :

Ha(g) O2(g)
aluminium anode cathode Y
air
unreacted H(g) o =-» unreacted Ox(g)
and water vapour
concentrated KOH(aq) concentrated KOH(aq)
hydrogen-oxygen fuel cell aluminium-air cell
(a) What is meant by the term ‘primary cell’ ?
PYTMWV& Al TA WV set-uyp thnT can Tumwt chemticad
- NI (1 mark)
M0 Mmmxm owmd U non 'Vlo/ol"”u‘?/?ﬂfdl c.
b) For the above hydrogen-oxygen fuel cell,
) write the half equation for the change that occurs at an
' - —>
H‘r%, + 0H cag) H01()
(ii) suggest one disadvanfage of using this hydrogen-oxygen fuel cell.
it A X ponsive
(2 marks)
© In the above aluminium-air cell, o in air reacts with water to form hydroxide ions at
cathode Y.
@) Write the half equation for the change that occurs at cathode Y.
Orua y ToHY V¢~ >y Uﬂ-cowp
Lag,
(i) The half equation for the change that occurs at the aluminium anode is as follows :
Al(s) + 30H (aq) > AI(OH)s(s) + 3¢~
Write the chemical equation for the overall reaction in the aluminium-air cell.
i,
(iii) Suggest how aluminium can be obtained from aluminiuf@/af l 1/0 2,
elwWIA e
% (3 marks)

Answers written in the margins will not be marked.
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(2)

®

(©)

(d)

(e)

6. Consider the following chemical equation for the formation of CH3Cl from methane and chlorine :

CHa(g) + Cly(g) — CH;Cl(g) + HCI(g)

Name the type of reaction involved.

Addition Yeaton -

(1 mark)

State the condition needed for the reaction to occur at room temperature.

Reort.

(1 mark)

The reaction involves three stages: initiation, propagation and termination. In the initiation stage,
chlorine free radicals (Cl) are formed from chlorine molecules.

@) With reference to the electronic structure, explain why a chlorine free radical (Cl*) is 2
reactive chemical species.

i

pecause there is T Mtermest shed) esttons Tw (] atom,

Tt had o Strovg ‘rmwvma Y el iton 10 firm an

00tent Stmihvire,. ) o
(ii) Complete the chemical equations below by filling in a suitable chemical species in each

of the following boxes :

One of the steps in the propagation stage :

Cl- + CH, - B

One of the steps in the termination stage :

+ . —) CHzél

(3 marks)

Explain why CH;Cl is not the only organic product formed in the reaction between methane
and chlorine.

becamse thors i mayer product amd
Winer produtt

From the hazard warning labels shown below, circle a label that should be displayed on a gas
cylinder containing methane.

(1 mark)

(1 mark)

Answers written in the margins will not be marked.
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7. An experiment was performed to determine the enthalpy change of neutralisation between Ca(OH),(s) and
HCl(aq). 100.0 cm?® of 1.0 M HCl(aq) was placed in an expanded polystyrene cup. The temperature of the
contents in the cup was measured at half-minute intervals. Right at the third minute, 0.502 g of Ca(OH),(s)
was added to the cup with thorough stirring. The recordings of temperature are shown in the graph below :

Addition of Ca(OH)(s)
A
24.5
v e
e b Yy
/
24.0 /
/
% /
~ /
E 2 !
3 i
=) [
g I
&
|
23.0 :
i/
4
22.5 >0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

time / minute

(a) Write a chemical equation for the reaction between Ca(OH),(s) and HCl(aq).
CaLoH )z L +2HC taq) =7 (al), ag> 21,0 1)

(1 mark)

(b) (i) By SKETCHING on the graph above, estimate the greatest temperature rise of the contents
in the cup.

The greatest temperature rise = L °C

Answers written in the margins will not be marked.
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7. (b) (ii) It is given that the enthalpy change of neutralisation is the enthalpy change when solutions
of an acid and an alkali react together to produce one mole of water.

In the experiment, HCl(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH).(s) and HCl(aq), in kJ mol™!, under the experimental conditions.

(Volume of the reaction mixture = 100.0 cm?;
density of the reaction mixture = 1.00 g cm;
specific heat capacity of the reaction mixture =4.2 J g1 K1;

heat capacity of the expanded polystyrene cup : negligible)
(Relative atomic masses : H= 1.0, 0 =16.0, Cl1=35.5, Ca=40.1)

Heat releqsed = wass X oTx Spertfic heat capasTiy Ttz
. flent retcasdl=100.00m® x Lovgem®X 27 ( X 42747 k™
= 8y |
Mo, 0§ wole s of water formed = 2 1 Lo LOHD, o)

O t QU), L
v =
nla(OH 7 (Y0 +1on+ lxl)?[mvl"

6Hé = heat TMCM{/&. s WO:UJ —

= bTTX(0mo]

" 2N —— 2199600 16T e
2n(niAH ), LRI TX 0P mo] |
- ' -
= 01096 kImo)
(5 marks)
(c) Standard enthalpy changes of neutralisation AH,® for two reactions are given below :
AH® / kJ mol™?
Reaction between Ca(OH)(s) and HCl(aq) -58.6
Reaction between CaO(s) and HCl(aq) -186.0
Calculate the standard enthalpy change of the following reaction.
Ca0(s) + HO(l) — Ca(OH)y(s)
!
(3 marks)
Answers written in the margins will not be marked.
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*8.

Describe and explain the-skqilarities-# .t “.1fferences between theWprmmples]mvolvcd in tin- platmg
and galvanising in the rusting prevention of iron-made objects.

(6 marks)
_Tin-plaving- 3¢ flaving Ton wetal 011 tho Tor-made olfect. Avid galanising
1% plo\tm@ zinc wmegtal on the ron- medal objest. Brthl r€ the wigThods aye
et roplovt ‘uﬂj%t &anmvsmﬂ D8 Potests the oy smwiﬁmm/()mdw
M TINC VAV Metad wasse that T8 WMive r‘ﬂ/ﬂWhv% hem Tyovi.
Y zmg wonld o560 Ot rimt move readnly man iren. IWhile

Tin-plating X WYWWT -H/W/ Nard ‘ﬁm CUVITMTWWL A the ¥X{ 9o
owd ‘notor.

Answers written in the margins will not be marked.
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PART I
Answer ALL questions. Write your answers in the spaces provided.
9. At a certain temperature, the equilibrium constant K, for the following reaction is 2.25 x 102 mol dm™.
PCls(g) = PCls(g) + Clx(g) AH>0

In an experiment, 0.84 mol of PCls(g), 0.16 mol of PCl3(g) and 0.16 mol of Cl,(g) were initially introduced
in a closed container of a fixed volume@ and the system was allowed to attain equilibrium at that

temperature.
(a) i) Calculate the reaction quotient Q. for the system under the initial conditions.
e
, 0.8U mol
CPol 5(%)] =z 02 M
4.0 dmd '

CPClacqp] = o lbw\o\
! T Aogmd “ooltm

[0lacqy] = Dlb wo)
(1] WMW\’? = 9.9¥M

_ 0.0 Lf’ X 0O l‘f - a7
W lez ——— . Ty x o7 moldm
0y
(i1) Explain whether the concentration of PCls(g) would increase or decrease just after the

reaction started. :

fo e valie v} Gy 74 \agporrinom e value vEKe,
Yo vate vt jroend feqotion ks Smodler Hom that of

potkwourd reastion . So the Cquilibriam yovivion wouly
S\l\vS‘I/'VO Wie gy pwhter Yhe veaition, dartod.

(4 marks)

\ Wm rm ﬂvwm aution vate. Sothe wnevtdion

(b) Explain Wl%tﬁelﬂKc \would increase, decrease or remain unchanged if the temperature of t
equilibrium mixture is increased.

T s o povrting 7 0o eqahlovium viiaurg
% inweand, the Ko won ld decrenso. beco g leds
Q/V\(/Y% v netded o Wowl ey fxptwl/fvmlw

(2 marks)

Answers written in the margins will not be marked.
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10. At room conditions, H,O2(aq) would decompose into Ox(g) and H,O(l) very slowly in the absence of

MnOs(s). An experiment was performed as shown in the set-up below :

H,0,(aq)

NN

500 cm® measuring cylinder ——

debeldaddadebeb i

L MnOy(s) + detergent solution

When 10.0 cm® of 3.00 M H>0,(aq) was mixed with a small amount of MnOx(s) and detergent solution at
room conditions, O,(g) started to be released rapidly and foam was produced. The MnO,(s) remained

chemically unchanged at the end of the reaction.

(a) Write a chemical equation for the decomposition of H,O2(aq).
0ot ¢ » anddetemont Solution
2 h0x tag, T S gt 020
Yoom (n ditions 1% v ﬂ)
(1 mark)
(b) Explain how manganese illustrates a characteristic of transition metals according to the results of

this experiment.

besnmse Mn0, .0, 04 thie crtalyit v} thg veartion a
1 Tomaing chemicadly unehning e ay e end

(3’ Mg FeMton amd The Speed uf the ’W/ﬁmﬁmmk)
WMirenges Tnig shows The Lamljn'c propervie A

Trandijm mefat L.

Answers written in the margins will not be marked.

2022-DSE-CHEM 1B-14 14

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

10. (c) Upon completion of the reaction, all th was used up. Calculate the theoretical volume

of Ox(g) released at room conditions.
(Molar volume of gas at room conditions = 24 dm®)

0
NH0s1a9> = %«OUMK%)AM}: 0.0% wof
n 0,10y = 27
anlas dyxanyml= 0.5 Wl

VZ 005 mel X2¢dm” = Z,b dm?.

(2 marks)

(d) In the experiment, the time taken for the foam to rise from the mar to the mark at
f the measuring cylinder was 18 seconds) while the time taken for the foam to rise from

~tre"mark at 200 cm® to the mark at 300 Gm® was 63 seconds. Explain these results.
S— T [N P —

(2 marks)

Answers written in the margins will not be marked.
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11.

Compounds P, Q and R are structural isomers having the molecular formula of CsH;20. Their structures are
shown below :

CH3 ?H} ?H:;
CH;CH,CCH; CH3CH2CH2(|?H CH3CIZCH20H
CI)H OH CH;
P Q R
(a) Give the systematic name of P.

(1 mark)
(b) Heating Q with acidified K2Cr207(aq) under reflux will give an organic product.
(i) Draw a labelled diagram to show the set-up for this reaction.
(ii) State the expected observation for this reaction.
The range owlowy c/v\ow%,% 0 ?frwm :
(iii) Write the structural formula of the organic product.
(4 marks)

Answers written in the margins will not be marked.
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11.

(c) W is an organic compound containing five carbon atoms. Under suitable conditions, R can be

prepared from the reduction of W.

@) Suggest the structural formula of W.

(i) Suggest a reducing agent required for the reaction.

LibHy n c\nd ethen ool OWAdTe mediuma .

(2 marks)

(d) Compound S is an optically active secondary alcohol. It is also a structural isomer of compounds
P, Q and R. Write the structural formula of S.

(1 mark)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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12.

Outline a synthetic route, with NO MORE THAN THREE STEPS, to accomplish the following conversion.
For each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic product.

HO

(3 marks)

. Answers written in the margins will not be marked.
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*13. Describe the acid-base properties of the products formed (if any) when the following oxides are added to
6separately. Chemical equations are NOT required.

Na;O MgO ALO; CLO
(5 marks)

Nax0_and €0 would snow Ao propevties when e are added
0 Wattn. Th Tl ox ase [
Whon Ty A added Yo water o B Ta bagre oXTdes A oA, wonld show
ot oo D omd g poportied wiagm 1Y W odded To Yie wdter

_becom se T4 mgnerve bxide

END OF SECTION B
END OF PAPER

Answers written in the margins will not be marked.
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PARTI

Answer ALL questions. Write your answers in the spaces provided.

1. Iodine is a halogen. It can form potassium iodide and hydrogen iodide.
(a) Name the relationship between 1221 and *Z31.
LeoropLs.

(1 mark)

(b) The electronic arrangement of an iodine atom is 2, 8, x, 18, y. What is x ?

X s if.

(1 mark)

(c) Draw the electron diagram for potassium iodide, showing ELECTRONS IN THE OUTERMOST

SHELLS only. ‘ '
T —

(1 mark)

(d) Suggest why an aqueous solution of hydrogen iodide caﬁxcon&ﬁct electricity.

T+ containg Wuwbil2 16us =to covomct
24 mwtnat (/& .
(1 mark)
FI HT
(e) In terms of bonding and structure, explain whether potassium iodide or hydrogen iodide would have

a higher melting point.

Potacsivum Todol havsd A W%lfwr

W’Uﬁmﬁ point o i+ hag lmjm Wil ecodor

Siye.

(2 marks)

Answers written in the margins will not be marked.
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2. The diagram below shows an experimental set-up in which a metal oxide X,O(s) is decomposed upon strong
heating. A sgvery metal X and a colourless gas Z are formed.

X,0(s)
heat

(a) State what Z is and suggest a test for it.

12 oxyaem md 1t Com ml(ah‘f
A f]'o""""'ﬂ splvt

. (2 marks)

(b) When 3.028 g of X,0(s) is completely decomposed, 2.819 g of metall X can be obtained.

)] Calculate the relative atomic mass of X.

(Relative atomic mass : O = 16.0) 01/; X
Let Y Le Hu velative atpmig IMadd :

3.0>§ o2l

— X 2

7,16-1'16 - 4
>, (Ativae
0\418%:4{404— \T:W OY’LWM&
- _ A wu
4 =log.f x 2 \0nf.

(ii) Suggest what X is.

Sriver.

(3 marks)

(c) Explain whether the decomposition of X>O(s) is a redox reaction.

The  oxidation nimber of Silver
ducr inse from +1 w0 0.

The  oxidatimm nuwmmbar of bxY 4
MU L aLe ‘FTVIM -> Ttp 0. (1 mark)

o Yed, it R vadox veoutipn.

Answers written in the margins will not be marked.
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3. Antacid is a drug for neutralising stomach acid. A sample of an antacid contains NaHCO;s(s) and other
soluble inert substances. 1.52 g of the antacid sample was completely dissolved in deionised water to give a
weakly kahne solution. The solution was then titrated with 0.644 M HCl(aq) using a suitable indicator.
25.20 cm® e HCl(aq) was required to reach the end point.

(a) Write the chemical equation for the reaction between NaHCOs(s) and HCl(aq).

NaHI () t HM(AJ;) - NMMOU +&0»(3)+H>0(2)‘

(1 mark)

(b) Calculate the percentage by mass of NaHCOjs(s) in the antacid sample.
(Relative atomic masses : H= 1.0, C = 12.0, O = 16.0, Na = 23.0)

No.of vl of HCI= (0 64'4’!\/\)( Woo

0.0162 vwl

Wl of NaHW g = 0\0[(9>x(>3\o,‘+|\0ﬂ>.0+3><\6)

= |30 %

_ L 5
mass = TS X 007,

= 4060

loMU’mTﬁgZ lo\?r

(2 marks)

Answers written in the margins will not be marked.
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3. (c) The pH of the solution at the end point. of the titration was found to be between 3 and 4.

@) Suggest a suitable indicator for this titration and state the colour change at the end point.

Use W*W\ DY Mﬂe .

Tl wolowr Chondd e Mnomje Hrow
ﬂz\\ow 0 Y L.

(i) Suggest an instrument to measure the pH of the solution accurately.

colovinmeter | o

(3 marks)

(d) State one advantage of taking antacids containing Mg(OH),(s) over those containing NaHCOs(s).

NaHU; may camse Side effet
Wl le Mﬂwu)» Ao vt

(1 mark)

Answers written in the margins will not be marked.
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4. Consider the molecules H>O, BF; and SFe.
(a) H,0 molecules can form H;O" ions.

6] In each of the following boxes, draw the electron diagram (showing ELECTRONS IN
THE OUTERMOST SHELLS only) for a suitable chemical species to show the formation
of a H;O" ion.

_ +
Ko |- MINCED
S )
(ii) Describe the formation of dative covalent bond using H;O* as an example.

In Wimg, it has enly ! evterviat gl
Awttnd. omd, it wieol 1+ wwve ed Lotvon
+0 Ac_?ar,@ +he  ortet yunll.

Tn L0 Wolemle, O atomn Shoare 1 election

0 +H atonm to form A ﬂ(ﬂ\‘t\};& Lo vol et

(3 marks)

(b)  Explain whether the boron atom in a BF; molecule has an octet structure.
T bopn Afom g et had an octat
Strwmtwrt ab tuw  ovtenwast Shedl
2/ ttvgn of bovon m/xlv& haa & 24 ewfons.
(1 mark)
(c) 6 Draw the three-dimensional structure of a'SFs molecule.

/ /////

Y4
L

u
F, T

h

l
<
T
F

Answers written in the margins will not be marked.
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4. (©) (i)  Explain whether SFs is a polar molecule.
SFe W wit A polar ywsléunle.
A <$Fe has  an ocfeludrad Shape
md At g W?hl &Iﬂwww?rmmhﬂ.
The © S'F/\cmm(,u owt Lo ot .
Wonld

(d) Explain the following increasing order of the boiling points of the three compounds :

BF; < SFs <H:0

The iterwwlewmioar Struwotine g of - -0
T yolwgen bonot while BFo and §F
DL S(W/Fm bl eolor - STrweTiare

U Hao, g e W%%MT WLLH(M%?DMT.

The  wolewmlar 87%€ of SFo 2 larger
+hom that of BFs.

ST l/vwm_v\% pvint of SFe 2 higher
“+thm BFs.

Tl mﬂm i bmd T STmger “+Haovn
Vo dor Wwaal g’ foree:

(2 marks)

(3 marks)

Answers written in the margins will not be marked.
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5. The following hydrogen-oxygen fuel cell and aluminium-air cell are primary cells. Their simplified
structures are shown below :

cathode Y
|| -

|
concentrated KOH(aq) concentrated KOH(aq)

Ha(g) % i OxA(g)
H aluminium anode

anode A — cathode B

unreacted Hx(g) =

=-» unreacted Oa(g)
and water vapour

hydrogen-oxygen fuel cell aluminium-air cell

(a) What is meant by the term ‘primary cell’ ?

PV\—VV\P\V\/& el 3 wvebwaeble.

(1 mark)

(b) For the above hydrogen-oxygen fuel cell,

@) write the half equation for the change that occurs at anode A.

40 —> D, + 20 + 427
tﬂp (» O
(i) suggest one disadvantage of using this hydrogen-oxygen fuel cell.
It LxXpLIMSIVe.

(2 marks)

(c) In the above aluminium-air cell, oxygen in air reacts with water to form hydroxide ions at
cathode Y.

1) Write the half equation for the change that occurs at cathode Y.

s + bkl + o7 —> 4044
(9 (O 2

(ii) The half equation for the change that occurs at the aluminium anode is as follows :
Al(s) + 30H(ag) > AI(OH)s(s) + 3e~

Write the chemical equation for the overall reaction in the aluminium-air cell.

4Nt 50L13>+ 6 M:,0(8) — 4AN0H)a(s)

(iii) Suggest how aluminium can be obtained from aluminium oxide.

@lewlt]SB of wigltenm ore.

(3 marks)

Answers written in the margins will not be marked.
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6. Consider the following chemical equation for the formation of CH3;Cl from methane and chlorine :
CHu(g) + Cla(g) — CH3Cl(g) + HCI(g)

(a) Name the type of reaction involved.

S Ltitntion  Lation .

(1 mark)
(b) State the condition needed for the reaction to occur at room temperature. )
CMVV& ot the veavtion wnder Sun ! ‘ﬂr"‘f
(1 mark)
(c) The reaction involves three stages: initiation, propagation and termination. In the initiation stage,
chlorine free radicals (Cle) are formed from chlorine molecules.
) With reference to the electronic structure, explain why a chlorine free radical (Cl+) is a
reactive chemical species. '
The ptermest Shell gledtims of 4 1%
T omok it 10Sea i et vy mmo{ﬂlﬁ ‘
(ii) Complete the chemical equations below by filling in a suitable chemical species in each
of the following boxes :
One of the steps in the propagation stage :
Ch+ CHe > |CHs U |+ HT
One of the steps in the termination stage :
CAe | +] CH;3 | » cmsa
(3 marks)
(d) Explain why CH3Cl is not the only organic product formed in the reaction between methane
and chlorine.
AL CHsU4 R a lwaxtwre
(1 mark)
(e) From the hazard warning labels shown below, circle a label that should be displayed on a gas

cylinder containing methane.

®»H L & &

(1 mark)

Answers written in the margins will not be marked.
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g). 100.0 cm® of 1.0 M HCl(aq) was placed in an expanded polystyrene cup. The terhperattre of the
comténts in the cup was measured at half-minute intervals. Right at the third minute, 0.502 g of Ca(OH)x(s)
was added to-the cup with thorough stirring. The recordings of temperature are shown in the graph below :

7. An exi eriment was performed to determine the enthalpy change of neutralisation between and

Addition of Ca(OH)(s)
A
24.5 e
B e ot S
24.0
1%
P
£ 235
8
o
g
3
23.0
22.5 L o S
0.0 1.0 2.0 310 4.0 5.0 6.0 7.0

time / minute

(a) Write a chemical equation for the reaction between Ca(OH)x(s) and HCl(aq).

CaloH)219) +2Humoz) — Calh»+ D> +2!«Bo
| (A;) (@) (

(1 mark)
(b) (i) By SKETCHING on the graph above, estimate the greatest temperature rise of the contents
in the cup.
The greatest temperature rise = 24 °C

Answers written in the margins will not be marked.
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7. (b) (ii) It is given that the enthalpy change of neutralisation is the enthalpy change when solutions
of an acid and an alkali react together to produce one mole of water.

In the experiment, HCl(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH),(s) and HCl(aq), in kJ mol™!, under the’ml conditions.

(Volume of the reaction mixture = 100.0 cm?;

density of the reaction mixture = 1.00 g cm™>;

specific heat capacity of the reaction mixture = 4.2 J g7 K1,

heat capacity of the expanded polystyrene cup : negligible)
(Relative atomic masses : H= 1.0, O = 16.0, Cl = 35.5, Ca=40.1)

Hhal omge = (05024 2)(20
S 4054 icz)(()((é—ﬂ))
= 4.427¢6¢
PN
= 00460 AR

(5 marks)
(c) . Standard enthalpy changes of neutralisation AH;® for two reactions are given below :
AH® / kJ mol™?
Reaction between Ca(OH).(s) and HCl(aq) -58.6
Reaction between CaO(s) and HCl(aq) -186.0
Calculate the standard enthalpy change of the following reaction.
CaO(s) + H,O(l) — Ca(OH)x(s)
Cab — Ca+<0y +1£6.0 kJwal
H0 —
(3 marks)
Answers written in the margins will not be marked.
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*8. Describe and explain the similarities and differences between the chemical principles involved in tin-plating
and galvanising in the rusting prevention of iron-made objects.

(6 marks)

Cimilanty = Both  cowm prevont “+l Trn

ﬁ/OVVt (/OW?'MT'M@ with DXM@/M/\ ™M pur

—t0 Comle VMATIM@,

Diffarmy = mmmmmaf&me

WWM 4waum*zvﬂ‘

Answers written in the margins will not be marked.
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PART II

Answer ALL questions. Write your answers in the spaces provided.

9. At a certain temperature, the equilibrium constant K. for the following reaction is 2.25 x 10~ mol dm™.
Lx?2
PCls(g) = PCls(g) + Clx(g) AH>0

In an experiment, 0.84 mol of PCls(g), 0.16 mol of PCls(g) and 0.16 mol of Clx(g) were initially introduced
in a closed container of a fixed volume of 4.0 dm?, and the system was allowed to attain equilibrium at that
temperature.

(a) 1) Calculate the reaction quotient Q. for the system under the initial conditions.

9o = (] [Pdsi9)]
TPUsg]

G5
(245
4

=Y p2xip® Wl A ™

(|

(i1) Explain whether the concentration of PCls(g) would increase or decrease just after the
reaction started.

Inwvreass.
A e o bar of [ Df MMMA

+ 0 AL LUl
wouors 1 \HQWM e l/w(f wgww\ A2
Yo OW\T The pregemae o bt R lme (4 marks)
O3 TW ¢z by (i Wil & =t o |
(b) plain whether K. would increase, decrease or remain unchanged 1f the temperature of the
equilibrium mixture is increased.

Thu fm/vwm( VL otion 1l 2xothu i .

Whun Tt tampor Atwre intreadda e

Lquilibivm  pogition il shutt o Left
48 dporeaat Hhe TLMpLrATUINE . (2 marks)

Eo pondd br deveonasd .

Answers written in the margins will not be marked.
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10. At room conditions, H>Oz(aq) would decompose into Oz(g) and H,O(l) very slowly in the absence of
MnOQO;(s). An experiment was performed as shown in the set-up below :

H20:(aq)

500 cm® measuring cylinder ——

RRANNANAAANARAAN \

L —— MnOx(s) + detergent solution

When 10.0 cm® of 3.00 M H,O,(aq) was mixed with a small amount of MnOx(s) and detergent solution at
room conditions, O,(g) started to be released rapidly and foam was produced. The MnO:(s) remained
chemically unchanged at the end of the reaction.

(2

(b)

Write a chemical equation for the decomposition of H20»(aq).

(1 mark)

Explain how manganese illustrates a characteristic of transition metals according to the results of
this experiment.

(1 mark)

Answers written in the margins will not be marked.
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10. (©) Upon completion of the reaction, all the H>O2(aq) was used up. Calculate the theoretical volume
of Oy(g) released at room conditions.
(Molar volume of gas at room conditions = 24 dm?)

(2 marks)

(d) In the experiment, the time taken for the foam to rise from the mark at 100 cm® to the mark at
200 cm® of the measuring cylinder was 18 seconds, while the time taken for the foam to rise from
the mark at 200 cm® to the mark at 300 cm® was 63 seconds. Explain these results.

(2 marks)

Answers written in the margins will not be marked.
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1. Compounds P, Q and R are structural isomers having the molecular formula of CsH1,0. Their structures are
shown below :
?H3 ?Ha (|3H3
CH;CH,CCH CH;CH,CH,CH CH3(IICH20H
OH o o
P Q R
(a) Give the systematic name of P.

2 -y th |a‘] bntan-2-ol
) (1 mark)
(b) Heating Q with acidified KoCr204(aq) under reflux will give an organic product.

(i) Draw a labelled diagram to show the set-up for this reaction.

oun dah o
Esbr, 0y
ol

/‘\

water

i
Ot -binwping T 6
Jronnlu I at

(ii) State the expected observation for this reaction.
The colowr of Chomge from
ovomqL o colonr Le4] .

(iii) Write the structural formula of the organic product.
%Hs
CHatH20H2CH
f
0

(4 marks)

Answers written in the margins will not be marked.
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11. (c) W is an organic compound containing five carbon atoms. Under suitable conditions, R can be

prepared from the reduction of W.

@) Suggest the structural formula of W.
(i) Suggest a reducing agent required for the reaction.
(2 marks)
(d) Compound S is an optically active secondary alcohol. It is also a structural isomer of compounds
P, Q and R. Write the structural formula of S.
(1 mark)

Answers written in the margins will not be marked.
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HO

+ HBr

b\

/\/\/OH_>\/\

-+ H)./Pt

12. Outline a synthetic route, with NO MORE THAN THREE STEPS, to accomplish the following conversion.
For each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic product.

(3 marks)

Answers written in the margins will not be marked.
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*13. Describe the acid-base properties of the products formed (if any) when the following oxides are added to
water separately. Chemical equations are NOT required.

Nazo MgO A1203 Cle
(5 marks)

NMa ) 2 adahid vl it 2 added
with  water, amd 1t Forim Nai4 |, itk
R o alkal:.

Mao  form M40 whn it R pdded to
WA(L(’M. M%OH & oun alkal .

P4 A0 2 p\erM/o‘fm'o whie, R awdace
omd  pllealivg.

END OF SECTION B
END OF PAPER
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